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ABSTRACT
We use high-quality, medium-resolution Hubble Space Telescope/Cosmic Origins Spectrograph
(HST/COS) observations of 82 UV-bright AGN at redshifts zAGN < 0.85 to construct the largest
survey of the low-redshift intergalactic medium (IGM) to date: 5138 individual extragalactic ab-
sorption lines in H I and 25 different metal-ion species grouped into 2611 distinct redshift sys-
tems at zabs < 0.75 covering total redshift pathlengths ∆zHI = 21.7 and ∆zOVI = 14.5. Our
semi-automated line-finding and measurement technique renders the catalog as objectively-defined
as possible. The cumulative column-density distribution of H I systems can be parametrized
dN (> N)/dz = C14(N/1014 cm−2)−(β−1), with C14 = 25 ± 1 and β = 1.65 ± 0.02. This distri-
bution is seen to evolve both in amplitude, C14 ∝ (1 + z)2.3±0.1, and slope β(z) = 1.75 − 0.31 z for
z ≤ 0.47. We observe metal lines in 418 systems, and find that the fraction of IGM absorbers detected
in metals is strongly dependent on NHI. The distribution of O VI absorbers appear to evolve in the
same sense as the Lyα forest. We calculate contributions to Ωb from different components of the low-z
IGM and determine the Lyα decrement as a function of redshift. IGM absorbers are analyzed via a
two-point correlation function in velocity space. We find substantial clustering of H I absorbers on
scales of ∆v = 50−300 km s−1 with no significant clustering at ∆v & 1000 km s−1. Splitting the sam-
ple into strong and weak absorbers, we see that most of the clustering occurs in strong, NHI & 10
13.5
cm−2, metal-bearing IGM systems. The full catalog of absorption lines and fully-reduced spectra is
available via the Mikulski Archive for Space Telescopes (MAST) as a high-level science product at
http://archive.stsci.edu/prepds/igm/.
Subject headings: astronomical databases: surveys—cosmological parameters—cosmology:
observations—intergalactic medium—quasars: absorption lines
1. INTRODUCTION
The low-redshift intergalactic medium (IGM) holds
many important clues to complete our understanding of
cosmology. Even after nearly 14 Gyr of evolution, only a
small fraction of baryonic matter has collapsed into lu-
minous objects (galaxies, groups, clusters) while ∼ 80%
or more still exists as a diffuse, often unvirialized IGM,
the distribution and characteristics of which are only be-
ginning to be measured (e.g., Shull, Smith, & Danforth
2012). Furthermore, there is a complicated and poorly
understood interplay between the IGM, circumgalactic
medium (CGM), and stars and gas in galaxies. These
gaseous reservoirs provide raw material which is sub-
sequently formed into stars and galaxies. These, in
turn, enrich the IGM via outflows driven by super-
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novae, radiation pressure, and active galactic nuclei
(AGN Oppenheimer & Dave´ 2008; Smith et al. 2011).
Diffuse intergalactic gas is currently quite difficult to
observe in emission (Frank et al. 2012; but see also
Steidel et al. 2011; Martin et al. 2014a,b). The most sen-
sitive method for detecting most of the gas is through
absorption-line spectroscopy using bright background
objects (typically AGN) to provide an ultraviolet contin-
uum. The highest concentration of strong gas-diagnostic
lines is in the rest-frame far-ultraviolet (FUV) band from
∼ 2000 A˚ shortward to the Lyman edge at 912 A˚.
Investigating the FUV at low redshift requires opti-
mized spectrographs above Earth’s UV-blocking atmo-
sphere. Thus, there have been a series of space-based
UV spectrographs, both as primary-science instruments
on space-borne observatories (Copernicus, International
Ultraviolet Explorer, Hopkins Ultraviolet Telescope, Far-
Ultraviolet Spectroscopic Explorer) and instruments in-
stalled aboard the Hubble Space Telescope or HST: Faint
Object Spectrograph (FOS), Goddard High-Resolution
Spectrograph (GHRS), Space Telescope Imaging Spec-
trograph (STIS), and now the Cosmic Origins Spectro-
graph (COS).
COS is the fourth-generation UV spectrograph on-
board HST and is optimized for medium-resolution
(λ/∆λ ≈ 18, 000, ∆v ≈ 17 km s−1) spectroscopy of point
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sources in the 1135–1800 A˚ band (Green et al. 2012;
Osterman et al. 2011). COS has an effective area that is
an order of magnitude larger in the FUV (λ < 1800 A˚)
than previous spectrographs. Furthermore, the excel-
lent scattered light control and low background detec-
tors of COS mean that fainter objects (Fλ . 10
−14
erg cm−2 s−1 A˚−1) can be observed than with previous
instruments, and higher quality spectra of bright targets
can be obtained in much less time. In its first five years
of science operations (Green et al. 2012), COS accumu-
lated an unprecedented archive of hundreds of AGN spec-
tra collected under a broad range of scientific programs
from AGN physics to studies of the interstellar medium
(ISM) in our own Galaxy. Regardless of their original
scientific intent, many of these spectra are suitable for
quasar absorption-line studies of the IGM.
In this paper, we build on the heritage
of many previous low-z IGM absorber cata-
logs from HST/FOS (Bahcall et al. 1993, 1996;
Jannuzi et al. 1998; Weymann et al. 1998),
HST/GHRS (Penton, Stocke, & Shull 2000), FUSE
(Danforth & Shull 2005; Danforth et al. 2006), and
HST/STIS (Penton, Stocke, & Shull 2004; Lehner et al.
2007; Danforth & Shull 2008; Tripp et al. 2008;
Danforth et al. 2010a; Tilton et al. 2012). This current
survey represents the largest sample of low-z absorbers
to date and is more sensitive than previous studies in
most cases. It was designed to be a general-purpose
survey with applications to a wide variety of extragalac-
tic astrophysics: 82 extragalactic sight lines covering
a combined redshift pathlength in H I of ∆z = 21.7,
5138 intergalactic absorption lines comprising 2611
distinct redshift systems, and detections of 25 different
metal-ion species. We describe the sample selection
criteria, data reduction methods, and semi-automated
measurement techniques in Section 2. We present the
catalog and substantial electronic resources available to
users of the survey in Section 3. Overall results from the
survey are given in Section 4. In Section 5, we present
some of the more detailed findings from the survey,
including the evolution of H I and metals in the IGM
at z ≤ 0.47 and the radial-velocity clustering properties
of IGM absorbers (the two-point correlation function).
Important survey parameters, fitted quantities, and
initial findings are summarized in Section 6.
2. DATA ANALYSIS
2.1. Sight Line Selection
In the past five years, over 400 extragalactic targets
have been observed with COS. The main objective of this
project is to develop a comprehensive, statistical catalog
of intervening absorbers in the low-redshift universe, in
particular weak H I and metal-line systems. Obtaining
high signal-to-noise data was our first priority in choosing
which targets to include, which precludes many of the
archival datasets. With a few exceptions, we include only
spectra with a typical signal-to-noise of S/N & 15 per (∼
17 km s−1) COS resolution element in the Lyα forest (see
Keeney et al. 2012, for full discussion of the acheivable
S/N in COS data).
Secondly, we require reasonably distant targets to max-
imize the redshift pathlength probed by each sight line.
Nearby AGN, particularly Seyfert galaxies, are typically
bright and often have exquisite spectra, but their avail-
able IGM pathlength is short and often contaminated by
absorption intrinsic to the AGN. We require a sight line
to have ∆zLyα ≥ 0.05 of unobstructed pathlength for in-
clusion in our survey. Conversely, high-z targets sample
long IGM pathlengths, but they often suffer from a high
line density that makes line identification difficult. The
two moderate-resolution FUV channels of COS (G130M
and G160M) are only sensitive to H I absorption through
Lyα at z . 0.47 and through Lyβ and higher-order Ly-
man transitions at 0.1 . z . 0.9. Thus we set an upper
limit on source redshift of zAGN < 0.9. Similarly, we
concentrate on AGN observed with both the G130M and
G160M gratings for the longest possible wavelength cov-
erage. We augment the target list with a set of G130M-
only observations of targets at z . 0.2 where the entire
Lyα forest falls within the G130M grating.
The COS FUV archive also contains & 130 extragalac-
tic sight lines observed with the low-resolution (∆v & 100
km s−1) G140L grating. While these data are often of
higher quality than those from IUE or HST/FOS or low-
resolution modes of GHRS or STIS, they are sensitive
only to the strongest intervening absorbers, and we have
not utilized them in this survey. However, these low-
resolution and/or low-S/N data are useful for studies
of AGN continua (e.g. Shull, Stevans, & Danforth 2012;
Stevans et al. 2014), for surveys of strong absorption
lines, and as flux-qualification observations for future
medium-resolution observations.
AGN with strong absorption lines (BALs, mini-BALs)
were not explicitly excluded from the survey. There
are a few AGN with strong intrinsic absorption (e.g.,
RBS542), but these systems are not on the level of a
BAL or mini-BAL. In any case, absorption obviously in-
trinsic to the absorber was excluded from analysis (as
discussed in S2.4.2).
To constitute our survey, we selected 82 AGN sight
lines from the archive which met these criteria; 68 were
observed with both FUV medium-resolution gratings
(1135 − 1800 A˚ at ∼ 17 km s−1 resolution) in the red-
shift range 0.058 ≤ zAGN ≤ 0.852 and an additional 14
AGN at 0.07 ≤ zAGN ≤ 0.2 had coverage in G130M
only (1135 − 1450 A˚). Astronomical target information
is presented in Table 1. Most of the AGN observed in
Cycles 18–20 under the Guaranteed Time Observation
programs (GTO; PI-Green) are included, along with nu-
merous archival datasets collected under various Guest
Observer programs. Observational and programatic de-
tails are presented in Table 2.
Individual exposures for each target were obtained
from the Mikulski Archive for Space Telescopes (MAST).
We start with x1d.fits files (individual exposures re-
duced to one-dimensional spectra) processed uniformly
by the pipeline software circa mid-20148. All exposures
of each sight line were combined to maximize the S/N of
each spectrum. The calibrated, one-dimensional spectra
for each target were coadded into a continuous spectrum,
usually over the useful range ∼ 1140 − 1790 A˚ employ-
ing a custom IDL procedure developed and extensively
tested at University of Colorado.
8 http://www.stsci.edu/hst/cos/pipeline/CALCOSReleaseNotes/notes/
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TABLE 1
HST/COS Sight Lines
Sight Line R.A. (J2000) Dec. (J2000) zAGN Flux
a AGN type
PHL2525 00 00 24.42 -12 45 47.8 0.1990 17.7 QSO
PG0003+158 00 05 59.24 +16 09 49.0 0.4509 7.7 Sy1.2
PG0026+129 00 29 13.71 +13 16 04.0 0.1420 19.1 Sy1
QSO0045+3926 00 48 18.98 +39 41 11.6 0.1340 9.3 Sy1
HE0056−3622 00 58 37.39 -36 06 05.0 0.1641 17.3 Sy1
RBS 144 01 00 27.13 -51 13 54.5 0.0628 22.1 Sy1
B0117−2837 01 19 35.70 -28 21 31.4 0.3489 11.6 Sy1
Ton S210 01 21 51.51 -28 20 57.8 0.1160 35.9 Sy1
HE0153−4520 01 55 13.20 -45 06 12.0 0.4510 15.8 QSO
PG0157+001 01 59 50.25 +00 23 41.3 0.1631 20.4 Sy1.5
3C 57 02 01 57.16 -11 32 33.1 0.6705 6.6 Sy1.2
3C 66A 02 22 39.61 +43 02 07.8 >0.3347 6.8 BLLac
HE0226−4110 02 28 15.19 -40 57 14.6 0.4934 21.4 Sy1
HE0238−1904 02 40 32.50 -18 51 51.0 0.6310 14.0 QSO
UKS0242−724 02 43 09.60 -72 16 48.4 0.1018 10.3 Sy1.2
PKS 0405−123 04 07 48.43 -12 11 36.7 0.5740 32.1 Sy1.2
RBS 542 04 26 00.70 -57 12 01.8 0.1040 33.1 Sy1.5
HE0435−5304 04 36 50.80 -52 58 49.0 0.4300 2.5 QSO
RXJ0439.6−5311 04 39 38.64 -53 11 31.6 0.2430 3.5 Sy1
RXJ0503.1−6634 05 03 03.93 -66 33 45.9 0.0640 6.4 Sy1
PKS0552−640 05 52 24.50 -64 02 10.8 0.6800 11.1 AGN
PKS0558−504 05 59 47.39 -50 26 51.9 0.1372 28.1 NLSy1/FSRQ
IRASL06229−6434 06 23 07.68 -64 36 20.7 0.1290 8.0 FSRQ
PKS0637−752 06 35 46.50 -75 16 16.8 0.6500 8.0 FSRQ
S5 0716+714 07 21 53.45 +71 20 36.4 >0.2315 24.3 BLLac
SDSS J080908.13+461925 08 09 08.14 +46 19 25.7 0.6563 7.2 QSO
PG0804+761 08 10 58.61 +76 02 41.6 0.1000 79.6 Sy1
PG0832+251 08 35 35.80 +24 59 41.0 0.3298 3.5 QSO
PG0838+770 08 44 45.26 +76 53 09.5 0.1310 8.5 Sy1
PG0844+349 08 47 42.45 +34 45 04.4 0.0640 25.5 Sy1
Mrk106 09 19 55.36 +55 21 37.4 0.1230 11.4 Sy1
SDSS J092554.43+453544 09 25 54.44 +45 35 44.5 0.3295 5.1 QSO
SDSS J092909.79+464424 09 29 09.78 +46 44 24.0 0.2400 11.5 QSO
SDSS J094952.91+390203 09 49 52.93 +39 02 03.8 0.3656 7.8 QSO
RXSJ09565−0452 09 56 30.18 -04 53 17.0 0.1550 4.6 Sy1
PG0953+414 09 56 52.41 +41 15 22.1 0.2341 38.1 QSO
PG1001+291 10 04 02.59 +28 55 35.2 0.3297 10.6 Sy1
FBQSJ1010+3003 10 10 00.70 +30 03 22.0 0.2558 2.5 QSO
Ton 1187 10 13 03.20 +35 51 23.0 0.0789 17.3 Sy1.2
PG1011−040 10 14 20.68 -04 18 40.5 0.0583 16.2 Sy1.2
1ES 1028+511 10 31 18.50 +50 53 36.0 0.3604 2.6 BLLac
1SAXJ1032.3+5051 10 32 16.10 +50 51 20.0 0.1731 1.1 AGN
PG1048+342 10 51 43.90 +33 59 26.7 0.1671 5.9 Sy1
PG1049−005 10 51 51.48 -00 51 17.6 0.3599 9.2 Sy1.5
PMNJ1103−2329 11 03 37.60 -23 29 30.0 0.1860 2.1 BLLac/FSRQ
HS1102+3441 11 05 39.80 +34 25 34.4 0.5088 3.6 QSO
SBS 1108+560 11 11 32.20 +55 47 26.0 0.7666 4.9 QSO
PG1115+407 11 18 30.30 +40 25 54.0 0.1546 10.5 Sy1
PG1116+215 11 19 08.60 +21 19 18.0 0.1763 45.7 Sy1
PG1121+422 11 24 39.18 +42 01 45.0 0.2250 7.4 Sy1
SBS 1122+594 11 25 53.79 +59 10 21.6 0.8520 2.7 QSO
Ton 580 11 31 09.50 +31 14 05.0 0.2895 9.5 Sy1/FSRQ
3C263 11 39 56.99 +65 47 49.2 0.6460 10.4 FR2/Sy1.2
PG1216+069 12 19 20.93 +06 38 38.5 0.3313 12.3 NLSy1
PG1222+216 12 24 54.45 +21 22 46.3 0.4320 17.0 Blazar
3C 273 12 29 06.70 +02 03 08.7 0.1583 461.5 FSRQ/Sy1.0
Q1230+0115 12 30 50.00 +01 15 21.5 0.1170 36.3 NLSy1
PG1229+204 12 32 03.61 +20 09 29.4 0.0630 19.2 Sy1
PG1259+593 13 01 12.90 +59 02 07.0 0.4778 15.3 Sy1
PKS1302−102 13 05 33.00 -10 33 19.0 0.2784 14.9 FSRQ/Sy1.2
PG1307+085 13 09 47.01 +08 19 48.3 0.1550 25.0 Sy1.2
PG1309+355 13 12 17.75 +35 15 21.1 0.1829 10.1 QSO
SDSS J135712.61+170444 13 57 12.60 +17 04 44.0 0.1500 4.7 QSO
PG1424+240 14 27 00.39 +23 48 00.0 >0.6035 15.2 BLLac
PG1435−067 14 38 16.15 -06 58 20.7 0.1260 16.2 QSO
Mrk478 14 42 07.47 +35 26 23.0 0.0791 26.4 NLSy1
Ton 236 15 28 40.60 +28 25 29.7 0.4500 6.1 Sy1.2
1ES 1553+113 15 55 43.04 +11 11 24.4 >0.4140 15.9 BLLac/FSRQ
Mrk876 16 13 57.20 +65 43 010.0 0.1290 39.5 Sy1
PG1626+554 16 27 56.12 +55 22 31.5 0.1330 22.8 Sy1
H1821+643 18 21 57.30 +64 20 36.0 0.2968 53.0 Sy1.2
PKS 2005−489 20 09 25.39 -48 49 53.7 0.0710 22.3 BLLac
Mrk1513 21 32 27.92 +10 08 18.7 0.0630 17.5 Sy1.5
RXJ2154.1−4414 21 54 51.06 -44 14 06.0 0.3440 9.8 Sy1
PHL1811 21 55 01.50 -09 22 25.0 0.1920 56.2 NLSy1
